The asymmetric synthesis of key fragments of the phytotoxic toxins botcinolide/botcinin is reported. The synthesis of 1 and 1a are based on a convergent route via esterification and alkene metathesis of fragments A, B or C, B, which were obtained by Evans aldol condensation and stereoselective crotylation, respectively.
Botrytis cinerea is a well-known pathogen affecting a number of commercial crops and which produces many structurally diverse metabolites. Botrytis produces two series of phytotoxic metabolites: a family of characteristic sesquiterpene metabolites with the basic botryane skeleton, principally botrydial and dihydrobotrydial, and a family of polyketide lactones. The first isolated polyketide was reported by Cutler in 1993 who called it botcinolide (1), proposing a highly hydroxylated nonalactone structure [1] [2] [3] . Groups led by Chakraborty [4] and Shiina [5] independently attempted to synthesize 2-epibotcinolide. Both attempts implied a great many steps, several of which led to mixtures of diasteromeric or dimeric products. The nonalactone ring of 2-epi-8-epibotcinolide with fully protected hydroxyl groups was synthesized by Chakraborty et al. [4] . Shiina et al. synthesized 4,5-cyclohexyliden-2-epibotcinolide through of a very long route. Attempts to deprotect this compound afforded a γ-lactone by intramolecular translactonization [5] . As a result, the nonalactone ring of botcinolide has not been obtained nor has the biological activity of this type of compound been tested.
In 2005, Nakajima's group reported the isolation of a group of antifungal metabolites which they designated as botcinins [6] . The absolute configuration of botcinin A (1d) was determined through the modified Mosher method. A careful reinvestigation of the spectroscopic data reported for botcinolide analogues allowed Nakajima and Cutler to revise the structures of botcinolide derivatives to botcinic (1a) and botcineric (1c) acids and their cyclized derivatives, botcinins A-F [7] . The structure assumed by Nakajima-Cutler for botcinolide in that paper featured different stereochemistry from that assumed by Chakraborty and Shiina. Lastly, botcinin structures were unequivocally determined by total synthesis by Chakraborty and Goswami [8] and later by Shiina et al. [9, 10] .
Moreover, naturally occurring medium-sized lactones are categorized as rare species of organic molecules and only a few limited compounds have been isolated to date.
Therefore, lactones comprising 8-11 member rings have attracted considerable interest due to the range of biological activity exhibited by natural products containing the lactone functionality [11] .
The literature indicates that the production of mediumsized ring compounds is difficult not only by biosynthesis in nature, but also by organic synthesis [12] . The yields obtained through synthesis of these compounds types are quite unpredictable and, while there are a few notable examples of the development of high-yielding synthesis of medium rings, there is considerable interest in the development of new approaches [13] .
Our own work on the synthesis of these classes of compounds, botcinolides and botcinins, was motivated by the need to obtain sufficient amounts to undertake the study of their biological activities and also to establish a short and efficient route to highly functionalized mediumsized ring lactones. In this paper we describe an approach to a versatile and convergent synthesis of both skeletons and the synthesis of key fragments A-C is reported.
3-O-acetylbotcinolide (1) and 3-acetylbotcinic acid (1b) were selected as target molecules. The convergent retrosynthesis shown in Scheme 1 was selected for this purpose.
In so doing, 3-acetylbotcinolide (1) was disconnected from fragments A (C 1 -C 4 ) and B (C 5 -C 8 ) via esterification and intramolecular alkene metathesis. 3-Acetylbotcinic acid (1b) was likewise disconnected from the same fragment B and fragment C which is an epimer of A at the C-3 position. Fragments B and C may be connected through a cross metathesis and nucleophylic attack of a hydroxyl group on the C-8 carbon to a 4,5-epoxy group formed by the epoxidation of alkene. Fragments A and C were also retrosynthetically disconnected by means of Evans asymmetric aldolization. The reaction of commercially available chiral oxazolidinone 2 and methacrolein provided aldol adduct 3 as an essential single stereoisomer [14] , establishing the two required stereocenters with good yields (Scheme 2).
Scheme 2: Synthetic route to fragments A and C: Reagents and conditions: a) n-Bu2BTfO, DCM, 0ºC-78ºC, DIPEA, methacrolein, 20 min; room temperature for 1h. b) MgCl2, NaSBF6, Et3N, TMSCl, methacrolein, MeOH, TFA. c) THF:H2O, 0ºC, H2O2-LiOH, 1h; Na2SO3. d) Ac2O, Py.
Oxidative cleavage of the auxiliary using hydrogen peroxide-lithium hydroxide in THF-water was followed by protection of the hydroxyl group as an acetyl derivative to afford a compound whose spectroscopic data coincide with those expected for fragment A. The 1 H-NMR spectrum of this compound showed a signal doublet at  5.48 ppm assigned to H-3, a singlet at  4.93 ppm corresponding to the vinylic protons, a doublet quartet characteristic of a proton geminal to a methyl group (H-2) and three signals corresponding to methyl groups [ 2.05 (s, CH 3 CO), 1.77 (s, H-7) and 1.15 (d, J = 7.03 Hz, H-6)].
Furthermore, carboxylic acid function was corroborated through a simple esterification using commercial alcohols [15] .
Fragment C was synthesized following the same procedure. The difference with fragment A was the Evans aldolization which, in this case, must be anti. The selective anti-aldol reaction between oxazolidinone 2a and methacrolein yielded aldol adduct following the procedure described by Shin et al. [16] .
Fragment B suggested several synthetic approaches. Our first retrosynthetic analysis focused on a Lewis acidpromoted crotylation between the appropriate aldehyde and a chiral crotyl silane [17] as a key step in creating two of the three chiral centers (Scheme 3). Stereoselectivity in reactions such as these depends on a number of factors. According to the literature [18] , to produce syn, synhomoallylic alcohol, it is important to use a bulky protective group in order to prevent chelation with bidentate Lewis acid, the absolute stereochemical relationships being dictated by the configuration of the chiral crotylsilane. Chiral β-methoxycarbonylmethyl-(E)-crotyl dimethyl phenylsilane (5) was synthesized following a modified version of the methodology described by Panek [18] using lipase Amano AK in the presence of vinyl acetate for deracemization. To increase the efficiency of the process, the acetate was subjected to repeated resolution by racemization of the unwanted acetate (Scheme 4).
Commercially available chiral (S)-ethyl lactate was protected with tert-butyldiphenylsilyl chloride (TBDPSCl) and reduced with diisobutyl aluminium hydride (DIBAH) yielding the necessary aldehyde 2-tert-butyldiphenylsilyloxypropanal (6) [19] for the asymmetric crotylation conceived to create the C-6 and C-7 chiral center of botcinolide (1) (Scheme 3). Treatment of aldehyde (6) with chiral silane (5) in the presence of TiCl 4 yielded an unexpected mixture (1:1) of syn:anti bond construction compounds [17, 18] . Their absolute configuration had to be determined by NMR analysis of the 1,3-diol acetonides which were individually prepared from each isomer by standard procedure. These results seem to indicate that, in addition to the double bond geometry on compound 5, the stereochemistry induction in this reaction type is affected by the presence of an alkyl group on the double bond.
Even though Panek crotylation failed to work with suitable diastereoselectivity, we decided to go on with the synthetic route planed. Hence, protection of the correct diasteroisomer 7 using TBDMSOTf, followed by ozonolisis, treatment with Tebbe reagent and deprotection of the C-2 hydroxyl group, yielded a compound whose spectroscopic data were consistent with those predicted for fragment B.
Thus, the H-1, H-2 and H-3 coupling system in the 1 H-NMR spectrum is clearly identified by two-dimensional experiments. The signal at  3.78 ppm was attributable to H-2 and the signal at  3.48 ppm to H-3 in accordance with the selective deprotection of the TBDPS group.
Given that this methodology failed to suit our objectives, an alternative synthetic route leading to fragment B was followed (Scheme 5).
Fragment B was synthesized by crotylboration [20] of O-benzylprotected aldehyde 10 (Scheme 5). Treatment of (+)-(Z)-crotyldiisopinocampheylborane, prepared from (Z)-but-2-ene and (+)-β-methoxydiisopinocampheylborane with (S)-2-benzyloxypropanal produced an inseparable mixture of (2S, 3R, 4S)-2-benzyloxy-4-methylhex-5-en-3-ol and (+)-isopinocampheol which was subjected to treatment with TBDMSOTf, 2,6-lutidine in DMF at 0ºC yielding (2S, 3R, 4S)-3-tert-butyldimethyl-silyloxy-4-methyl hex-5-en-2-ol (11). The best condition found for the selective deprotection of the benzyl group was treatment with 4 equivalents of DDQ at 70ºC. Under these conditions, fragment B was obtained at an overall yield of 57%. Fragment B synthesized in this way exhibited identical spectral data and properties as that synthesized by Panek crotylation. In summary, Evans asymmetric aldolization provided an efficient method for the synthesis of fragments A and C. However, protection of compounds 3 and 3a was prevented by the bulky oxazolidinone ring and oxidative cleavage of the auxiliary thus allowing us gets the proper acetyl derivatives of fragment A and C. The synthesis of fragment B through Panek crotylation produced a 1:1 mixture of diasteromeric compound indicating that stereochemistry induction in this reaction is affected by the presence of an alkyl group on the double bond. The best way to obtain fragment B was the crotylboration of aldehyde 10. Hence, this paper describes the first asymmetric synthesis of the highly substituted key fragments A, B and C for the synthesis of both botcinolide and botcinin skeletons in a way which suits continued synthetic work currently in progress. 
Experimental

(4R)-4-benzyl-3[(2R, 3S)-3-hydroxy-2,4-dimethylpent-4-enoyl]-2-oxazolidinone (3):
Aldol oxazolidinone (3) was prepared following the procedure described in the literature [14] . Spectroscopic data of compound 3 were identical to those described in the literature [14] .
(4S)-4-benzyl-3[(2R, 3R)-3-hydroxy-2,4-dimethylpent-4-enoyl]-2-oxazolidinone (3a):
Aldol oxazolidinone (3a) was prepared from 2 following the procedure described in the literature [16] . Spectroscopic data of compound 3a were identical to those described in the literature [16] . (S, E)-4-dimethylphenylsilylbut-3-en-2-ol (4): 1.835 g of AK Amano lipase and 4.55 mL of vinyl acetate were added to a stirred solution of 3.67 g of racemic mixture of (±)-(E)-4-dimethylphenylsilylbut-3-en-2-ol (17.79 mmol) (prepared according to the methodology described by Panek [18] ) in 75 mL of pentane at 25ºC for 4h. The mixture was filtered through celite and the solvent evaporated. The residue was purified by column chromatography using a gradient of ethyl acetate:hexane Recovery of the racemic mixture to get 4 in three steps: (R, E)-4-dimethylphenylsilylbut-3-en-2-ol: 1 g of KOH was added to a stirred solution of 3.5 g (14.1 mmol) of (2R)-2-acetoxy-4-dimethylphenylsilylbut-3-ene (obtained from the racemic resolution) in 50 mL of methanol and the mixture was stirred for 1h. Then, 50 mL of water were added to the mixture and it was extracted three times with ethyl acetate. Organic layers collected were dried over anhydrous sodium sulfate and the solvent was evaporated to get a crude substance that was purified by column chromatography to yield 2.88 g (99.2 %) of (R, E)-4-dimethylphenylsilylbut-3-en-2-ol. (E) 4-dimethylphenylsylil-but-3-en-2-one: 1.1 g of PCC and molecular sieves were added to a solution of 300 mg (28.39 mmol) of (R,E) 4-dimethyl-phenylsilylbut-3-en-2-ol in 30 mL of DCM and the mixture was stirred for 3 hours. Then 300 mL of ethyl ether were added and the mixture was stirred for an additional hour, filtered over celite and purified by column chromatography yielding 276 mg (92 %) of (E) 4-dimethyl-phenylsylilbut-3-en-2-one. IR (film) cm 2 ). 13 (S, E)-4-dimethylphenylsilylbut-3-en-2-ol (4): 4.19 g of CeCl 3 ·H 2 O (11.01 mmol) were added to a solution cooled at -20ºC of 2.25 g of (E)-4-dimethylphenylsylil-but-3-en-2-one (11.01 mmol) in 22 mL of methanol. After 10 min, 416.7 mg of NaBH 4 were added and the mixture was stirred for an additional 10 min. When TLC monitoring
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Natural Product Communications Vol. 6 (4) 2011 447 indicated the completion of the reaction, 10 mL of acetone and 10 mL of water were added. The mixture was extracted with portions of ethyl acetate and organic layers washed with brine and dried over anhydrous sodium sulfate and finally concentrated under reduced pressure to obtain a product identified as 4 [19] .
(S, E)-3-dimethylphenylsilylhex-4-enoate (5): Silane 5 was prepared from 4 following the procedure described in the literature [19] .
(S)-2-tert-Butyldiphenylsilyloxypropanal (6):
A solution of 15.6 g (0.149 mol) of ethyl (S)-lactate, 30.0 g (0,199 mol) of tert-butylchlorodiphenylsilane, 38.7 g (0.382 mol) of triethylamine, and 1.83 g (0.015 mol) of 4-(dimethylamino)pyridine in 150 mL of anhydrous tetrahydrofuran was stirred under dry argon atmosphere conditions at room temperature for 12h, then the solvent was evaporated under reduced pressure. The residue was redissolved in ether, the salts removed by filtration and the filtrate was washed sequentially with a saturated ammonium chloride solution, water, saturated sodium bicarbonate and water and then dried over anhydrous sodium sulfate. Evaporation of the solvent gave a crude oily product that was purified by column chromatography using 1: 
Methyl (5S, 6R, 7S, E)-7-tert-butyldiphenylsilyloxi-6-
hydroxy-5-methyloct-3-enoate (7): 21 µL of titanium tetrachloride was slowly added while stirring to a stirred solution of (S)-2-tert-butyldiphenylsilyloxypropanal (6) (55 mg, 0.176 mol) and methyl (S, E)-3-dimethylphenylsilylhex-4-enoate (5) (46.1 mg, 0.176 mol) in 1.5 mL of dry dichloromethane cooled to -40ºC. When TLC monitoring indicated the completion of the reaction (16h), 2 mL of water was added and the mixture was cooled to -78ºC and was then allowed to warm to room temperature and stirred for an additional hour. Then, 1 mL of dichloromethane was added and the organic layer was dried over sodium sulfate and evaporated to give a mixture of diasteroisomers which was purified by silica gel column chromatography eluting with 1:5 ethyl acetate:hexane.
Methyl (5S, 6R, 7S, E)-7-tert-butyldiphenylsilyloxi-6-hydroxy-5-methyloct-3-enoate (7).
[α] 
Methyl (5S, 6R, 7S, E)-6-tert-butyldimethylsilyloxi-7-tert-butyldiphenylsilyloxi-5-methyloct-3-enoate (8):
A solution of 7 (33.4 mg, 0.0758 mmol), 2,6-lutidine (141 µL, 1.21 mmol) and tert-butyl-dimethylsilane triflate (105 µL) in 2.5 mL of anhydrous dichloromethane was stirred under dry argon atmosphere conditions for 3h. Then, 2 mL of water and 2 mL of ethyl ether were added. The organic layer was dried over sodium sulfate and the solvent was evaporated to yield 38.3 mg of 8 (91%). Ethyl (S)-2-benzyloxypropanoate: Sodium hydride (560 mg 60% in oil, 23.3 mmol) was washed twice with hexane, suspended in 40 mL of dry dichloromethane and cooled to 0ºC under argon conditions. A solution of 2.5 g (21.1 mmol) of ethyl (S)-lactate dissolved in 4 mL of dry dichloromethane was added and the mixture stirred for 10 min. Then, a solution of 4.7 g of benzylbromide (27.4 mmol) was added and the mixture was allowed to warm for 8h. The mixture was poured into water, the layers separated and the aqueous layer extracted three times with ethyl ether. Combinated extracts were washed with brine, dried over sodium sulfate and concentrated to an oil which was purified by column chromatography eluting with 1:10 ethyl acetate:hexane to yield 4.04 g of ethyl (S)-2-benzyloxypropanoate (92 %). (2S, 3R, 4S)-2-benzyloxy-3-tert-butyldimethylsilyloxy-4-methylhex-5-en-2-ol (11): Potassium tert-butoxide (7.3 mL of a solution 1M of potassium tert-butoxide in THF, 7.3 mmol) and n-butyl lithium in THF (4.5 mL of a solution 1.3M of n-butyl lithium in THF, 7.3 mmol) was added dropwise to a stirred mixture of (Z)-but-2-ene at -78º C. After complete addition, the mixture was stirred at -45ºC for 10 min. The resulting solution was recooled to -78ºC and was added dropwise a solution of (+)-β-methoxy-diisopinocampheylborane in THF (2.70 g in 8.5 mL of dry THF). The reaction mixture was stirred at -78ºC for 30 min and 1.15 mL boron trifluoride etherate (9.15 mmol) was added dropwise. Then 10 was added dropwise (1 g of 10 in 6 mL of dry THF). The mixture was then stirred at -78ºC and after 3h treated with 9 mL of NaOH 3M and 9 mL of H 2 O 2 30% and then allowed to warm to room temperature for 1h. The organic layer was washed with water and brine and dried over anhydrous sodium sulfate. The residue was parcially purified by column chromatography eluting with 1:10 ethyl acetate:hexane. The resulting mixture was treated as described above for the synthesis of 8 using tert-butyldimethylsilyl triflate in excess. Purification of the crude material by silica gel Fragment B: (2S, 3R, 4S) 3-tert-butyldimethylsilyloxy-4-methylhex-5-en-2-ol. Synthesis from 9: 52 µL of a solution 1M of TBAF were added to a stirred solution of 25 mg of 9 (0.052 mmol) in 2 mL of a mixture 1:1:2 of H 2 O:THF: acetic acid. After 5 minutes, 2 mL of a saturated solution of sodium bicarbonate were added. The reaction mixture was extracted with ethyl ether three times. Organic layers were dried over anhydrous sodium sulfate and evaporated to give an oil which was purified using a small column of silica gel eluted with ethyl acetate:hexane (2:8) to give 9.55 mg (0.039 mmol, 74%) of fragment B.
Synthesis from 11: 816 mg (3.6 mmol) of dichlorodicyanoquinone (DDQ) were added to a stirred solution of 300 mg of 11 (0.9 mmol) in a mixture 9:1 dichloromethane: phosphate buffer and the mixture refluxed to 70ºC. When TLC monitoring indicated the completion of the reaction (over 2 h), the mixture was allowed to warm to room temperature and 15 mL of a saturated solution of sodium sulfite were added. The aqueous layer was extracted three times with ethyl ether. Organic layers collected were washed with brine, saturated sodium bicarbonate solution and water, dried over anhydrous sodium sulfate and the solvent evaporated to obtain a yellow crude material which was purified by column chromatography eluting with 1:10 ethyl acetate:hexane to give 721 mg (2.95 mmol, 82%) of the expected deprotected alcohol. 
